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The present study was conducted to test the clonal homogeneity of six month old tissue culture raised plants of grapevine cv. Crimson Seedless
using Inter Simple Sequence Repeat (ISSR) and Simple Sequence Repeat (SSR) markers. Visible assessment of these in vitro raised plants main-
tained in polyhouse did not show any morphological differences among themselves. However, to test the genetic homogeneity of these plants, we
screened 50 ISSR primers out of which, 22 primers produced scorable and repeatable bands. These 22 primers were used further for assessing ge-
netic homogeneity of in vitro raised plants of Crimson Seedless. These 22 ISSR primers generated 134 distinct band classes with a total of 3216
scorable bands. All the primers showed uniform banding pattern for all the in vitro raised plants and the mother plant. In case of 5 SSR primers
(VS1, VVMD5, VVS2, VMCNG4c8 and VVMD31) used, a total of 288 scorable bands were obtained. The allele sizes ranged from 98 to 254 bp.
Allelic composition of 23 in vitro raised plants and the mother plant at 5 SSR loci did not show any polymorphism. The results of the two marker
systems in the present study revealed the genetic uniformity among the in vitro raised plants demonstrating the reliability of in vitro propagation
system used for the cultivar.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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Tissue culture environment has been reported to cause general
alterations in cellular controls, leading to genomic changes in the
in vitro derived plants (Phillips et al., 1994). However, gross mor-
phological variations may occur at a much lower frequency than
cryptic variations (Evans et al., 1984). The occurrence of soma-
clonal and random genetic variations are potential drawbacks,
when the propagation of an elite tree is intended for the clonal ho-
mogeneity. In commercial industry, dealing with micropropaga-
tion, the foremost concern is the maintenance of true-to-type
nature of the in vitro propagated plants. Beyond the influence
of the culture conditions (culture media, type of explant, culture⁎ Corresponding author. Tel.: +91 20 25902230; fax: +91 20 25902645.
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doi: 10.1016/j.sajb.2011.08.009duration, temperature, pH etc.), the occurrence and extent of in
vitro genetic instability may also be highly genotype specific
(Vázquez, 2001). In general, micropropagated plants obtained
from pre-formed meristems have been reported to be genetically
uniform (Ostry et al., 1994), however possibility of somaclonal
variations cannot be ruled out completely (Rani and Raina,
2000).
In earlier reports, uniformity among in vitro derived plants
has been studied with different molecular markers. Allozyme
markers have been used for examining uniformity and cryptic
somaclonal variations, but these markers have limitation in
number and extent of polymorphism. Recently, DNA markers
have attracted much attention, as these are more informative
and are not developmentally regulated. Among the DNA
markers, Randomly Amplified Polymorphic DNA (RAPD)
markers have serious limitation due to its unreliability and
low reproducibility. The sensitivity, reproducibility, co-
dominance and strong discriminatory power of microsatellitets reserved.
Fig. 1. In vitro regeneration protocol followed for multiplication of grapevine
cv. Crimson Seedless. (A) Shoot regeneration from single node segment on
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primers like ISSRs (Inter Simple Sequence Repeats) make them
particularly suitable for assessment of genetic homogeneity and
detection of somaclonal variations (Rajora and Rahman, 2001).
Moreover, ISSRs offer greater probability than any other PCR
marker system in the repeat regions of the genome, which are
reported to be the potent regions of genetic variations. This ren-
ders ISSRs as a supplementary system to any of the random,
dominant marker systems (Pandit et al., 2007). Earlier, molecular
markers have been successfully used for studying homogeneity
among micropropagated plants of several crops. Use of SSR
markers in trembling aspen (Rahman and Rajora, 2001), AFLPs
in pecan somatic embryos (Vendrame et al., 1999), RAPD and
ISSR in peach (Hashmi et al., 1997) and almonds (Martins et al.,
2004), RAPD and cpDNA microsatellites in Foeniculum vulgare
(Bennici et al., 2004) and ISSRs in gerbera (Bhatia et al., 2009) for
testing clonal fidelity was reported.
Grape is a perennial crop and the morphological variations
generated in tissue culture could be visible only at the maturity
and fruiting. Consequently, early detection of genetic variations
among the tissue culture raised plants using molecular tech-
niques may be desirable. The aim of the present study was to
test the genetic homogeneity of in vitro derived plants of Crim-
son Seedless using molecular markers. In the present study, two
molecular markers systems i.e. ISSR and microsatellites (SSR)
were used as these amplify different regions on the non-coding
sequences of the genome.MS basal medium; (B) multiple shoot regeneration from secondary single
node segment on MS+BA (8.89 μM)+IBA (1.48 μM); (C) elongation of mul-
tiple shoots on MS+BA (2.22 μM); (D) rooted shoots of Crimson Seedless on
½MS+NAA (1.08 μM); (E) hardened plant of Crimson Seedless.2. Material and methods
2.1. In vitro propagation
The protocol followed for in vitro multiplication of grape-
vine cv. Crimson Seedless was optimized following our earlier
report (Nookaraju et al., 2008). Single node segments were
used to initiate the axenic cultures. Nodal segments were cul-
tured on hormone free MS (Murashige and Skoog, 1962) basal
medium to induce shoots from their axils (Fig. 1A). Secondary
nodal segments were excised from the in vitro formed shoots
and cultured on MS basal medium supplemented with BA
(N6-benzyladenine) (8.89 μM) and IBA (indole-3-butyric
acid) (1.48 μM) for induction of multiple shoots. Multiple
shoots thus formed were proliferated on the same medium by
three sub cultures (Fig. 1B). Elongation of multiple shoots
was achieved on transfer of shoots to medium containing re-
duced concentrations of growth regulators i.e. MS+BA
(2.22 μM) (Fig. 1C). Elongated shoots (N3 cm length) were
cultured on half strength of MS basal medium supplemented
with NAA (1-naphthaleneacetic acid) (1.07 μM) for rooting
(Fig. 1D). All the media were supplemented with sucrose
(3%, w/v), gelled with 0.65% plant agar and autoclaved at
121 °C and 1 bar pressure for 20 min. Rooted shoots were
planted in soil–sand (1:1) mixture and hardened following
the Sachet technique (Nookaraju et al., 2008) (Fig. 1E). The
hardened plants were maintained in polyhouse of National Re-
search Centre (NRC) for Grapes, Pune, India.2.2. Collection and storage of leaf samples for DNA isolation
Young expanding light green leaves were collected from 23
randomly selected in vitro raised plants of Crimson Seedless
from a population of 115 plants maintained in polyhouse and
also from the mother vine of the cultivar growing in the vineyard
of NRC for Grapes, Pune, India. Leaf samples were collected in
microfuge tubes (1.5 ml) and were immediately dropped in liquid
nitrogen. The samples were stored at −70 °C until used for DNA
extraction. The randomly selected in vitro plants were given serial
numbers as CS-1 to CS-23.
2.3. DNA extraction
Total genomic DNA from 50–100 mg of leaf tissue of in vitro
raised plants as well as mother vine was isolated by DNA extrac-
tion procedure reported by Lodhi et al. (1994). Quality and quan-
tity of DNA was measured by spectrophotometer.
2.4. ISSR analysis
After preliminary screening of 50 ISSR primers (UBC, Van-
couver, USA), 22 primers (UBC807–UBC813, UBC815–
UBC826, UBC873, UBC878 and UBC881) producing repeatable
Table 1
List of ISSR primers used in the study and number of band classes generated.
ISSR
primer
Primer
sequence
No. of
distinct band
classes
Total number
of bands
ampliﬁed
% of
similarity
Band sizes
(range in bp)
UBC
807
(AG)8T 4 96 100 520–1500
UBC
808
(AG)8C 8 192 100 700–1250
UBC
809
(AG)8G 7 168 100 350–1440
UBC
810
(GA)8T 6 144 100 400–2000
UBC
811
(GA)8C 4 96 100 750–950
UBC
812
(GA)8A 8 192 100 600–3000
UBC
813
(CT)8T 4 96 100 620–3500
UBC
815
(CT)8G 4 96 100 850–3500
UBC
816
(CA)8T 3 72 100 1100–1700
UBC
817
(CA)8A 7 168 100 560–2000
UBC
818
(CA)8G 8 192 100 800–1400
UBC
819
(GT)8A 5 120 100 900–5000
UBC
820
(GT)8C 3 72 100 1400–1500
UBC
821
(GT)8T 3 72 100 1600–2600
UBC
822
(TC)8A 6 144 100 700–2200
UBC
823
(TC)8C 4 96 100 1300–1800
UBC
824
(TC)8G 2 48 100 910–1600
UBC
825
(AC)8T 9 216 100 440–4005
UBC
826
(AC)8C 7 168 100 810–2440
UBC
873
(GACA)4 16 384 100 470–2500
UBC
878
(GGAT)4 8 192 100 650–2550
UBC
881
GGGT
(GGGGT)2G
8 192 100 800–2500
Total 134 3216
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was performed in a 25 μl reaction mix containing 0.3U of Taq
DNA polymerase (Genetix Ltd., India) in 1X buffer, 2 mM
MgCl2, 30 ng of template DNA, 200 μMof each dNTPs (Genetix
Ltd., India) and 6 pmol primer. PCR was performed using the fol-
lowing program: Initial denaturation at 94 °C for 5 min, followed
by 35 cycles of denaturation at 94 °C for 30 s, annealing at 52 °C
for 45 s and extension at 72 °C for 2 min with a final extension at
72 °C for 7 min.
2.5. Microsatellite marker analysis
Five grape microsatellite (SSR) primer pairs selected namely
were, VS1, VVS2 (Thomas and Scott, 1993), VVMD5,
VVMD31 (Bowers et al., 1996), VMCNG4c8 (Zyprian et al.,
2003). The PCR reaction was performed in a 25 μl reaction
mix containing 0.3U of Taq DNA polymerase (Genetix Ltd.,
India) in 1X buffer, 2 mM MgCl2, 50 ng of template DNA,
200 μM of each dNTPs and 6 pmol of each primer. PCR was
performed using the following program: Initial denaturation at
94 °C for 5 min, followed by 35 cycles of denaturation at
94 °C for 30 s, annealing at 45 °C for VS1 and VVMD5,
48 °C for VVS2 and VMCNG4c8, 50 °C for VVMD31 for
45 s and extension at 72 °C for 2 min with a final extension at
72 °C for 7 min.
Amplifications were performed in a Mastercycler (Eppendorf,
Germany) and PCR products were visualized on 3% high resolu-
tion metaphore agarose (A4718, Sigma) gel stained with ethi-
dium bromide (0.5 μg/ml). Gels were visualized under UV light
and photographed using a gel documentation system (Gel Doc
2000™, Bio-Rad Laboratories, USA). The allele sizes were esti-
mated using ‘Quantity One®’ software program (Bio-Rad Labo-
ratories, USA) by comparing with the standard DNA molecular
weight marker.
3. Results and discussion
Visual assessment of six month old in vitro raised plants of
Crimson Seedless growing in polyhouse did not show any mor-
phological differences. As clonal homogeneity based on mor-
phological and phenological traits is not precise, we decided
to investigate if there was any change in in vitro raised plants
of Crimson Seedless at molecular level using two DNA marker
systems, ISSR and microsatellite markers. These two marker
systems were selected as they are simple, more reliable and
proved highly efficient in evaluating the clonal uniformity
and genetic diversity studies (Joshi and Dhawan, 2007; Bhatia
et al., 2009). ISSRs being co-dominant (Rajora and Rahman,
2001; Pandit et al., 2007) and SSRs being species-specific
and co-dominant were proved to be more efficient than domi-
nant RAPD markers.
After screening of 50 ISSR primers, 22 primers producing
scorable and repeatable bands were selected. These 22 ISSR
primers generated 134 distinct band classes with a total of 3216
scorable bands (number of plants analyzed×total number of
band classes generated). The number of distinct bands for each
primer ranged from 2 to 16 with an average of 6.01 bands perprimer. The band sizes ranged from 350 bp to 4005 bp
(Table 1). PCR profiles of the in vitro raised plants for 22 ISSR
primers showed no polymorphism among themselves and with
the mother vine (Fig. 2A, B) suggesting the reliability of our pro-
tocol used for in vitro propagation of the grapevine cultivar Crim-
son Seedless. Similar to our findings, genetic uniformity was
reported among 22 tissue culture derived plants of almond char-
acterized by 10 ISSR primers (Martins et al., 2004).
With 5 SSR primers, a total of 288 scorable bands were
obtained. The allele sizes ranged from 98 bp to 254 bp.
Among the plants, a total of 11 distinct alleles, with an average
of 2.2 alleles per primer (Table 2) were produced. All the alleles
were monomorphic for all the in vitro raised plants and mother
Fig. 2. ISSR-PCR profiles of in vitro raised plants of Crimson Seedless with UBC812 (A) and UBC817 (B); C: No template control, M: λ/pstI marker +100 bp ladder
mix (Genetix Ltd., India), 1–23: In vitro raised plants, S: source plant.
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mother vine at 5 SSR loci did not show any polymorphism in-
dicating genetic uniformity of the plants. Thus, in vitro raised
plants in the present study were true to type and could be due
to regeneration of the plants from pre-existing meristem with-
out any intermittent callus (Bhatia et al., 2005).
Among various methods of in vitro propagation, axillary
branching is most widely used system (Rani et al., 1995)
owing to its simplicity and high multiplication rates. In addi-
tion, this system of in vitro propagation possesses low risk of
genetic instability due to existence of organized meristems
(Piola et al., 1999; Martins et al., 2004). Micropropagation of
plants from the cultures of pre-formed structures, axillary
buds, and from tissues of hardwood shoot cuttings has been
reported to maintain uniformity among regenerated plants
(Ahuja, 1987; Ostry et al., 1994). Angel et al. (1996) did not
find any variation among cassava plantlets regenerated from
isolated meristems maintained in vitro for 10 years. PalombiTable 2
Allelic composition of in vitro raised plants and mother vine at 5 SSR loci.
No. of
plants
VS1 VVS2 VVMD5 VVMD31 VMCNG4c8
Mother
vine
1 190/190 142/152 242/254 160/210/226 98/130/140
In vitro
raised
plants
23 190/190 142/152 242/254 160/210/226 98/130/140and Damiano (2002) while working with micropropagated
plants of kiwifruit revealed that the use of two or more marker
techniques is advantageous for evaluation of genetic uniformity
and somaclonal variations. In the present study the number of
ISSR and SSR primers used and the total number of markers
generated (134+11), together with absence of any notable mor-
phological differences in the in vitro raised plants demonstrate
the reliability of our protocol used for in vitro propagation of
the cultivar Crimson Seedless (Nookaraju et al., 2008).
The present study on the molecular characterization of in
vitro raised plants revealed the genetic homogeneity among
the plants as assessed with 22 ISSR and 5 SSR primers. As
assessed by ISSRs, all the in vitro raised plants showed 100%
uniformity among themselves and with the mother vine. Thus,
present study indicates that ISSR and SSR markers were useful
and sensitive enough for determining the genetic homogeneity
among tissue culture raised plants of Crimson Seedless and
demonstrate the reliability of our in vitro propagation
procedure.Acknowledgements
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Fig. 3. SSR-PCR profiles of in vitro raised plants of Crimson Seedless with VVS2; M: 100 bp ladder (Genetix Ltd., India), 1–23: In vitro raised plants, S: Source plant.
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